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@ Use of Lewis Bases for activity reduction in metallocene catalyzed olefin polymerization reactions. 

Gr) Lewis Bases are used to control the activity of an olefin polymerization reaction and, if need be to 
^ subltentially terminate the entire reaction completely. Such activrty reduct.cn or termination of the 
reacfoHyVeTne or more Lewis Bases can be completely reversed by the simple .ntroducfon of 
additional co-catalyst The use of such Lewis Bases to control static is also disclosed. 
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Field of the Invention 



This invention generally pertains to the f ield of olef in polymerization reactions, including gas or liquid phase 
mZZXS!^* Present invention is directed to the use of L wis Bases to terminate^ toe reac- 
fon especially in an emergency situation. Significantly, such activity term.nabon by the one or more Lews 
by the simple introduction of additiona. co-catalyst The use of such Lews Bases to 
control electrostatic charge is also disclosed. 

Background of the Invention 

In olefin polymerization processes which are exothermic, there is a need to be able to terminate mereac- 

^JI^CISS of monoolefins. particular, alpha-olefins. such as P^^Jg 
or bu r P Zertza«ons using the well known Ziegler-Natta catalyst systems can be terminated by the add.bon 

^TZTimmhi «*« <**«**> a « ilB " ium Ba "* ' M m 8 " ,mim " n " M ; 

still further, results in considerable downtime of the reactor system. 
tW %f e T N S attr vP e e ^ 

JSXSSSSSSTm coca^yst P articu,ar.y an aluminum 2,^^^^ 
U,a \rrtrSrrmatal.ocenes are cydopentadieny. derivatives of a Group I..B. IVB. VB. V.B or VII. metal 

"•sssssssstssrsssssa— 
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Summary of the Invention 

Snoxane. The metalloc*ne.Lewis Base comp^ 

, + LewisBasesH* MeuHocene-LewisBase. Muminoxane 
Metaltocene + Aluminoxane + UwJsBase^— ^ 

MetaUocene + Aluminoxane.Uwis Base 

20 

. Mil* the reaction with most Lewis Bases, aluminoxanes d ^^^j222 Sfc^'SS bond 
from that of U.S. Patent No. 4,326.048. 
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Metalloeene ♦ Aluminoxane + CO 



Metallocene • CO + Aluminoxane 



Metallocene + Aluminoxane *CO 
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the non-f luidized layer near the wall has less com 
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reactor wall until the partld ^'^'""""V^ff^tLareaaSSl Th wriktcfaW at* 

then a positive charge generating chem.ca addltwe n ^. 3 Q dd JJjT r sucn additives inc | ud e alcohols, oxy- 
tral electrostatte charge in the reactor to help PJ-£J^^2*t« a negative charge generating 
gen, nitric oxide, and the like. If a positive •'^JJ^^ to^ «- the iL The addition of a low 
chemical additive may be added. ^^^ZSSl sS educe the activity of the metallc 
concentration of the appropriate Lewis Base to the reaction . sg y ^ 
cene/aluminoxane catalyst system, but « . *jn« A possible to drive the 

pending upon the functional groups that ".^"^^^J^rtJ functional group will generally 

the activity of an olefin polymerization of Lewis Base to the reaction 

and aluminoxane as an olefin f^^J^^^Z consisting of alcohols, ketones, ethers, 
zone, preferably where such Lew,s ^V^^^SStm aim. phosphates, phosphites, 
aldehydes, carboxylic acids, esters. ^^^■J^, nitric oxides, or combinations 
amines, amides, nitrites, alkoxy silanes. aluminum alkoxides, water, oxyg 

tnereof - . aK . mM nt invention is directed to a method for reversibly terminating an 

In an alternative embod.ment, the present invention « _dreoe compound and aluminoxane 

olefin pdymerfeation reaction which uses the reac^^^^^ 

asan olefin polymerizationcato.yst^ 
zone so as to substantially term.nate the ^^VetMty « the olefin polymerization reaction, 

action is selected from the same group « .^^TSShod for terminating and restarting an 

l„ a further embodiment, the present invent™ J^"™*^™ , ne reaction produ ct of a metallo- 
M olefin polymerization reaction in which zone comprising the steps 

cene compound and aluminoxane as an o M '"^^^e to terminate the reaction; and then (b) 

35 Detailed Desc ription of the Invention 

Oas phase reactions for the production of olefin 

actions are typically earned ou] toy ^.^^J^JS^^ ^ Nos " 1 ^ 961 " 
scribed in. for example. U.S. Patent Nos. ^ to hdude l«iiiopolyin«. oopaljr. 

Hmited to. ethylene, propylene, 1-butene. J-^^^mm^a^ which are non-conjugated, 
ferred dienes which may optionally be ***^J^J^£^ cha in or cyclic hydrocarbon dienes 

^ having vinyl unsaturate which a.so may be optionally polymerized with 

the alpha-olef ins include styrene substituted styr ene^ , derivatives of . Gr0 up IVB. 

The metallocenes are organometall.c compounds wh.cn are cy f ' d theif deriv atives 
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Z I teametal of from Groups HIB to V... of the Periodic Table of the Elements; 
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|CW «, icw « n. «. « WW— « <**»<"«»' te * b0 "'" a 

S isaU substituted or unsubstituted a.Ky.ene radical, a , dia.M or diary, germanium or silicon, or an alky! 
oraryl phosphine or amine radical bridging two mWjn^ny ^ ^ ^ ^ 



to each other, 
zisOoM; 
y is 0, 1 or 2; 
z is 0 when y is 0; 

n is 0, 1 , 2, 3, or 4 depending upon the valence state of M. 
,15 and n 
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Ot^etaHocene polymerization cata.ysts which are suitab,e for use in the present invention correspond 



to the formula: 

Z 
/ \ 
Cp* Y 
\ / 
M 
I 

(X) n 
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Cp* is a cdopertadlenyl o, .MM. * £*, „ tB . EleTO „, s ,„„ option* 

atoms; # . . . 
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CP* 

cyclopentadienyl 
fluorenyl 
indenyi 



oxo 



dimethylsilyl 
methylphenytsilyl 
diphenylsilyi 
tetramethylethylene 
ethylene 

diphenyl methylene 

*u onH rnmnri^e a nolv(hydroc»rbylaluminum oxide). They may 
aluminoxanes represented by the formula: 



tetramethylcyclopentadienyl 



t-butylamido 
phenyiamido 
cyclohexylamido 



X 

chloride 
methyl 



M 

titanium 
zirconium 
hafnium 
yttrium 
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R" 
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for oligomeric, linear aluminoxanes; and 



-[..Al-0-]p~ 

I 

R" 
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for oligomeric, cyclic aluminoxane; wherein 
sis 1-40, preferably 10-20, 

° rna r e S"L prepare 

of linear and cyclic compounds is obtained. ^ alumjnum a|ky| may be treated 

The aluminoxanes may be prepared .n a vane y of w ^ s ^ £ ' „ as aluminum trimethyl may 

with water in the form of a moist solvent. method comprises treating a 
be contacted with a hydrated salt such as hydra ed ^ 8 ™J^^ of ^ M |fatah.pt.hy«lmtB. 
dissolution of a.uminumtrim^ 

It is also possible to form methyialum.noxanes by th e ^^ th la| / minum ^ch is less than a stoic- 
higher alky, groups with trimethyla urmnurr achieved by the reaction of a trialkyla- 

hiometric excess. The synthes.s of meth y la,um,n 3"f n S in r " a c 0 r higher alkyl groups with water to form a poly- 
,uminum compound oratetraalMdialummoxan^ 

alkyl aluminoxane which isthenrea^^ 



to M; , • t w n»n «r a hvdrocarbvl radical such as alkyl, alkenyl, aryl, alkylaryl. or 

„ „„ ^.M o, ...» m** ^'"»'~^XSS^M ™** »«*« «~ , - 20 "f" 



each other, 
zisOorl; 
y is 0, 1 or 2; 

50 z is 0 when y is 0; . M . 

n is 0, 1 , 2, 3, or 4 depending upon the valence state of M. 



55 



dooed in aliphatic solvents and oils *P^™S d by vacuum filtration ordecantation. 
technique-For example. the 7,16 nmtn/l ■ 

^te^^ 

The recovered solid is the catalytically active material. 
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The amount of aluminoxane and metallocene usefully employed in preparation of the catalytically activ 

SHS3SSSS3S2SS2H 

h^MThSene^ 

cloaliphatic diethers containing from 3 to 20 carbon atoms. St r othe P art ^^ red ethers are 

ethers, aliphatic triethers. and ^f^-J^ST^S^^ ™ th <»* benzene ' 
dimethyl ether, diethyl ether, tetrahydrof uran, dioxane, 2,5,8,11 ,14 pentaoxopen 

plSXsef ul carbonates are aliphatic and cydoaiiphatic carbonates containing , f rom ,3 to 20 carbon 
phite, triisopropyl phosphite, triphenyl phosphite, and tricyclohexyl phosphrte. 
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Particularly useful amines andamides contain hydrogen, aliphatic moieties with f mm 1 to 12 carbon atoms. 
aromSSes with from 6 to 12 carbon aton^.cycloaliphatic moieties with from 4 to 12 carbon atoms and 
mTu'es rhe eof Preferred amines and amides are trimethyl amine, triisopropyl amine, tnphenyl amine, tncy- 
dohexyf amir^ N, N-dimethyl analine. N- thylacetamide, N, N-dimethylbenzamide, and ace tenal.de 

Particularly useful nitriles contain aliphatic moities with from 1 to 12 carbon atoms, aromatic mo.ebes . rth 
from 6 to 12 carbon atoms, and cycloaliphatic moieties with from 4 to 12 carbon atoms. Preferred nrtn.es are 

a TaSa^ 

omabc moieties with from 6 to 12 carton atoms, cycloaliphatic moieties with from 4 to 12 carbon atoms and 
SLTe ^^eof Preferred alkoxy silanes are phenyltrimethoxysilane, n-pnDpy.trimethoxys.iane. cyclohexyl- 
™mZxys^ane, cydohexyrtriethoxysilane, diphenyldimethoxysilane, disobuty.dimethoxys.lane. d.f-butyld, 

moieto wrtn from 6 to 1 2 carbon atoms, cycloaliphatic moieties with from 4 to 12 carbon atoms and m.xtures 
Z^^Himlnum alkoxides are diethy.a.uminum ethoxide, diisobutylaluminum ethox.de, dusobuty- 
laluminum isobutoxide, diphenylaluminum ethoxide, and dicyclohexylaluminum ethox.de. 

TheTeSBase may be added to the polymerization reaction by a variety of methods, depending upon 
the D?.yn^rtzatto^ro2sa being used and the form of the Lewis Base. It may be added in the neat form or .t 
!1 mST. dTr^ution. Depending upon the solubility of the Lewis Base, appropnate d.iuents may 
include the monomer or a hydrocarbon such as toluene or isopentane. 

The amount oTuwis Base that is utilized to reduce the activity of the olefin polymerizat.cn reacbon us.ng 
a m eM\o™eM™™e<*W« system is strongly dependent upon a number of factors. Those factors .n- 
cludel Je specrt "sBase being used, the specific metallocene compound that is present, the specif ,c alu- 
ioxane ^^mpoundlat is present, the reaction temperature, the molar ratio of aluminoxane to neocene 
The recm^oTefWs) that is (are) present, and the concentration of the olefin used .n the polymenzabon reac- 
^S!SS^ZuJLlii Lewis Base is utilized to reduce the activity of the o^f m polymenzat on 
h extent o th reduction in polymerization activity will be greater than that observed w.th an equivalent 
Tmonofunctiona. LewisBase. The amount of Lew* Base required to reduce the acbvrty of a poly- 
merization reaction will be less if a low aluminoxane/metallocene ratio is utilized. 
TenTraS a m o™ ratio of multifunctional Lewis Base to metallocene in the range * *™ ^ °-J* 

the r n eri.r a ^ 

ically las! Uhan that which would be used to terminate the reaction. Generally, the Lews Base must be chosen 
crh that it Generates charqe which is opposite of that which is present in the reactor. 

ThelS^ 
value nc^ 

that may be present on the Lewis Base which drive the static charge towanl negat.ve values .nclude ketones 
^ntainino no to about 7 carbon atoms preferably acetone and methylisobutyl ketone. 

Z ^TaZl^Tome present invention is the ability to effectively and economically reverse he 
reductionTacSrty caused by the introduction of the Lewis Base, even if the reduction .n act m t» -results ; ,n 
he substantir Gemination of the reaction. In particular, after the addition of the Lewis Base to ether educe 

2££ f t S loxane/metaHooana catalyst system or to substantia,* terminate the ole ,n polymen- 
irion reaction usinq such a catalyst system, the introduction of additional alum.noxane to the reaction srte 
SSSSS^ucdonh. acLty brought about by the Lewis Base, even if such 
ZSS elated. Indeed, in some instances, the activity of the reaction after reinitiation ,s even higher than 
the activity of the reaction prior to being terminated by the addition of the Lewis Base 

T? amount o additional aluminoxane needed to be introduced into the reaction si e so as to reverse the 
reduction or termination in activity of the metallocene is dependent upon the amount of Lews Base that was 
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added to control the activity of the metallocene. the specific Lewis Base that was added as we I as the ,n.t.a 
ratio of aluminoxanetometallocene that was prsnt during the polymerization react.on 
of additional aluminoxan that is added to r v rse the reduction or termination ,n actvrty m s tb a least a 
50'/. increase in the original molar ratio of the aluminoxane to metallocene and preferably is at east 100 A of 
5 S molar ratio of aluminoxane to metallocene Thus, if there were originally 300 moles o aluminoxane 
per nl of metallocene prior to the substantia, termination of the reaction, it would take at M -M 
^50 moles of aluminoxane to be added to the substantially terminated reaction in order tc 
which determine the amount of aluminoxane needed for restarting the react-on include the origin* aluminox- 
ane/metallocene ratio as well as the ratio of Lewis Base kill agentto that of metallocene present In the catalyst 

10 SyS The gas phase olefin polymerization reaction systems in which the present invention is useful comprise 
a reactor vessel to which olefin monomer and catalyst components can be added and which conta.n a bed of 
forming polyolef in particles. The present invention is not limited to any specific type of gas phase reaction , sys- 
tem In very general terms, a conventional f luidized bed process for producing res.ns is conducted by passing 
a ga eols stream containing one or more monomers continuously through a fluidized bed reacter under re- 
ale conditions and in the presence of catalyst at a velocity sufficient to mamtain the bed of ^okd particles 
fn a suspended condition. The gaseous stream containing unreacted gaseous monomer is withdrawn from the 
ZEZSZ*. compressed, cooled and recyded into the reactor. Product is withdrawn 
and make-up monomer is added to the recycle stream. Standard operating conditions may be utilized in the 
gas phase reaTr system when using Lewis Base additives to control or substantially terminate reaction ac- 

"""one of the liquid phase olefin polymerization reaction systems in which the present invention is useful is 
described in U S Patent 3.324.095. The liquid phase olefin polymerization reaction systems generally com- 
prisel raa* r vessel to which olefin monomer and catalyst components can be added and which contains 
C reaction medium for dissolving or suspending the polyolefin. The liquid medium ^"^.^^ 
Z d monomer or an inert liquid hydrocarbon which is non-reactive under the polymenzation conditions em- 
P Sd~the hydrocarbon selected need not function as solvent for the catalyst or the pollers o^ 
by the process, it usually serves as solvent for the monomers employed in the polymenzauon^ Among the inert 
hySrbon liquids suitoble for this purpose may be mentioned isopentane. hexane, 
benzene toluene and the like. The present invention is not limited to any specific type of solution, slurry, or 
J^^TSLon system in very general terms, a conventional liquid phase olefin process for pro- 
o^ng resms s conducted by continuously adding one or more monomers to a reactor under 
Sons fn me presence of catalyst at a concentration sufficient to maintain the reaction medium ,n a fluid state. 
The ' aSv ~nte* between the olefin monomer and the catalyst should be maintained by constan tfimr* 
Ir agStion of the reaction mixture. The reaction medium containing the polyolef in product 
eous monomer is withdrawn from the reactor continuously. The polyolef in product is separated un- 
reacted monomer and liquid reaction medium are recycled into the reactor. Standard operating conditions may 
b^SSiz^e liquid phase reactor system when using Lewis Base additives to control or substantially ter- 
minate reaction activity. 
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EXAMPLES 

Synthesis of di P henvlmethylene(cvdopentadien vn (9-fluorenyl)zirconium dichloride. 
45 A. (CyclopentadienvDO-fluorenvhdiphenylmethane . 

Asolution of n-butyl lithium in hexanes (75 ml, 187.5 mmol) was added dropwise under nitrogen to a stirred 
solution of 30.459(182 immol)fluorenein225 ml tetrahydrofuran(THF) held at room temperature by .mmersion 
in a mid water bath The resulting deep red mixture was stirred for 1.5 hr. 

To mte f luorenyi anion solution was added via addition funnel a solution of 42.76 g (186 mmol) diphenyl- 
f ulvene in 200 ml THF. The mixture was stirred for 40 hr at room temperature. 

The reaction mixture was quenched by careful addftion of 300 ml saturated aqueous « 
Theorganicfraction was collected, combined with ether washings of the aqueous tract™, and stnppedof mos t 
a rotary evaporator, leaving an orange slurry. 250 ml diethyl ether were added to this slurry 

andther^n 

yielding 31 .09 g (cyclopentadienyl)(9-f luorenyl)diphenylmethane (43%). 
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B. Dilithio(cyclopentadienyl)(9-fluorenyl)diphenylmethane . 

Asolution of methyl lithium in diethyl ther (115 ml. 161 tnrnol) was add d dropwise to 30.98 j i (78 I mmol) 
(cydopentadienyl)(9-fluorenyl)diphenylmethane slurried in ca. 500 ml THF held at0°C. Follow.ng the addition, 
the solution was allowed to warm to room temperature. After 2 hr. most of the solvents were remov d from 
the blood-red solution in vacuo and 400 ml hexane were stirred with the red slurry overnight The brown solid 
was collected on a filter and dried for 3 hr in vacuo. 38.99 g dilithio(cyclopentadienyl)(9-fluorenyl)d l phenylme- 
thane bis(tetrahydrofuran). 90%, were obtained. 

C. Diphenylmethvlene(cyclopentadienyl)(9-flu orenvl)zirconium dichloride. 

To a slurry of 38.99 g (71 mmol) dilithio(cyclopentadienyl)(9-fluoreny1)diphenylmethane bistfetrahydrof ur- 
an) in 250 ml hexane was slowly added 1 6.6 g (71 mmol) solid zirconium tetrachloride under argon The slurry 
was stirred at room temperature overnight. The resulting slurry was centrifuged to settle the solids. The su- 
pernatant was removed by cannula and discarded, while the solid residues were dned in vacuo for 3^5 hr. 
The result was a mixture of diphenylmethylene(cyclopentadienyl)(9-fluorenyl)zirconium d.chlonde and lithium 
chloride, 45.57 g (100%). The abbreviation for this catalyst is DPZ. 

DEFINITIONS: 

MMAO in heptane- Solution of Akzo Modified Methyl Aluminoxane Type 3A in heptane 6.2% aluminum by 
weight MMAO in propane- Solution of Akzo Modified Methyl Aluminoxane Type 3A in propane 2.5% aluminum 
by weight 

Example 1 

In a nitrogen filled dry box, a 0.4777 g (1.89 ^mol Zr) aliquot of an orange solution containing 0.0104 g 
DPZ in 4 oS 9 g distilled methylene chloride was added to 0.2233 g (510 pmol Al. 270 Al/Zr ratio) o a soM.on 
of MMAO in heptane. The resulting purple solution was stirred for 5 minutes, then transferred to a Precision 
Sampling Corp. Pressure-Lok® swinge. 500 ml of hexane and 20 ml 1-hexene were added to a one liter au 
tocteve which had been dried by heating at a temperature of greater than 96»C under a stream of nrtrogen. 
then cooled to 60°C. The reactor was heated with stirring to the desired polymerization temperature of 85 C 
hen pressurized with 40 psia of hydrogen and 100 psia of ethylene to a total pressure of 1 50 psig. The flow 
of ethyTe'e o the reactor was suspended, the reactor was cooled by 5«C to 80'C the catolyst 
added to the reactor via syringe, then ethylene was continual.y added to the reactor to ma,nta,n a constan 
pressure of 150 psig. The reaction temperature was maintained at 85°C for 12 minutes, then 0 1 ml of a kill 
ag^nt Uniting of a 1.0 molar solution (100 umol, 53 killer/Zr ratio, 5.1 Al/killer ratio) of dimethyl ether in hex- 
ane was added to the reactor via syringe. The reaction exotherm disappeared and ethylene consumption de- 
cked to 8% of the level before the ki.l. i.e.. the activity of the catalyst was reduced by 92% After 15 mmu** 
the reactor temperature was stabilized at 85«C and the polymerization reaction was rented by theaddit on 
of 0 5 ml (1200 umol Al) MMAO in heptane via syringe. A reaction exotherm reappeared, after 13 minutes the 
temperature was stabilized at 85»C, and the catalyst activity as measured by ethylene consump .on was ap- 
proximately 75% of the activity present before the addition of the ki.l agent. An additional 0.5 ml (2400 umol 
Al cumulative) of MMAO in heptane was added, after 11 minutes the temperatu re was stob.Hzed and I the *t- 
alyst activity was approximately 100% of the activity present before the addition of the kill agent. An additional 
0 5 ml (3600 umol Al cumulative) of MMAO in heptane was added, after 9 minutes the temperature was sta- 
bilized, and the catalyst activity had decayed to approximately 80% of the activity present I before the add on 
ofthekillagent.Anadditional0.5ml(4800umo^ 

the temperature was stabilized, and the catalyst activity was approximately 60% of the act,v,t> r present before 
the addition of the kill agent. The polymerization was performed for a total of 70 m.nutes and 57^4 g o f polymer 
was recovered for a catalyst productivity of 30300 g/mmol Zr. The polymerization profile for the entire reac- 
tion is shown in Figure 1. 

Examples 2-27 

The hexane slurry polymerization procedure of Example 1 was followed using the conditions listed in Table 

I. 
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Example 28 

A gas phase ethylene polymerization with DPZ was killed with tetrahydrof uran and the kill was reversed 
by adding MMAO. The polymerization was perform d in a horizontally mixed reactor according to the following 
5 procedure. Figure 2 depicts the horizontally mixed reactor system. This reactor 10 is a two-phase (gas/solid) 
stirred bed, back mixed reactor. A set of four "plows" 12 mounted horizontally on a central shaft rotate at 190 
rpm to keep the particles in the reactor mechanically fluidized. The cylinder 14 swept by these plows measures 
40.6 cm long by 39.7 cm in diameter, resulting in a mechanically fluidizable volume of 46 liters. The gas volume, 
larger than the mechanically fluidizable volume due to the vertical cylindrical chamber 1 6, totals 54.6 liters. A 
10 disengager vessel 18 is mounted atop vertical cylinder 16 on the horizontally mixed reactor. This vessel has 
a gas volume of 68 liters, more than doubling the gas volume of the reactor. Gas is continually recirculated 
through both the reactor and disengager via a blower 20, so that the gas composition is homogeneous through- 
out. The reactor is cooled by an external jacket of chilled glycol (not shown). The bed temperature is measured 
with an RTD temperature probe 22 in a thermowell protruding into the bed at a 60° angle below horizontal, 
, 15 between the inner set of plows. 

Static levels in the bed are measured with a Union Carbide Corp. static probe calibrated for measurement 
in the (-1 500, +1 500 volt) range, sensitive to changes in static of 30 volts or more. The probe is mounted through 
a port in the reactor 60° below vertical, protruding about 5 cm into the bed between the inner set of plows (not 

shown). » 
20 Monomer feed was passed into the reactor via inlet 24 and comonomer feed via inlet 26. The comonomer 

was passed through a vaporizer 28 to vaporize the comonomer. 

Catalyst and co-catalyst were fed via inlets 30 and 32, respectively, and after being mixed at junction 34 

were passed through a precontact coil 36 from which the mixture was then passed to the injection assembly 

38 where nitrogen from inlet 40 was provided to be-mixed with the catalyst mixture for introduction into the 
25 reactor. 

The reactor was charged with a 1 .4 kg bed of 1 melt index 0.92 density ethylene/1 -butene copolymer, dried 
by heating at a temperature of greater than 90°C under a stream of nitrogen, cooled to 75°C, and charged 
with ethylene, 1-hexene, and hydrogen] A small vent 42 of the reactor gases was maintained via computer ad- 
justment to achieve a constant total pressure of 350 psig. The feeds were adjusted until the desired gas com- 
30 position consisting of 1 20 psia ethylene, .0.01 3 HJC 2 H Ai and 0.0045 C 6 H 12 /C 2 H 4 was reached. Gas composition 
was measured at 6 minute intervals by a gas chromatograph analyzer (not shown). An initial charge of MMAO 
(46 mmol Al) cocatalyst was added prior to starting catalyst feeding in order to scavenge any poisons present 
in the reactor. 

A 7.0 millimolar solution of DPZ catalyst in methylene chloride was pumped into a continuous stream of 

35 MMAO in propane (2.5 wt% Al) cocatalyst solution to achieve a 1000 Al/Zr ratio. The MMAO feed rate was main- 
tained at a rate of 400 ml/hr in proportion to the DPZ feed rate of approximately 31 ml/hr. This mixture was fed 
through precontact coil 36 of 1/8" tubing where the components reacted for 5 minutes. Upon leaving this pre- 
contact coil, the mixed solution feed was sprayed into the reactor by a constant flow of 180 l/hr of nitrogen 
through a nozzle of injection assembly 38 above the agitated bed of polymer. The monomers were added to 

ao the reactor in quantities sufficient to maintain gas concentrations and ratios. After approximately 3.5 hours, 
0.67 mmol DPZ and 536 additional mmol Al had been fed to the reactor and the polymer production rate had 
increased to 3.6 kg/hr, at which point the DPZ and MMAO feeds were stopped and a solution of 1.2 ml (15 
mmol) tetrahydrofuran in 200 ml isopentane was pressurized into the reactor. The reaction exotherm disap- 
peared, causing the reactor temperature to fall to 60°C, and ethylene was not being consumed by the catalyst. 

45 After 1.6 hours the reactor temperature was stabilized at 75°C, the MMAO feed was resumed, and the polymer 
production rate steadily increased as the MMAO inventory in the reactor increased. After 1 .5 hours, 200 mmol 
additional Al had been added to the reactor and the catalyst ethylene consumption was 1.8 kg/hr or approxi- 
mately 50% of the rate before the kill. The polymerization was then terminated by quickly venting the reactor, 
cooling to ambient temperature, and purging monomers from the resin with nitrogen. A total of 10.3 kg of gran- 

50 ular resin product was then discharged from the reactor. The product had a 5.0 dg/min melt index, 0.934 g/ml 
density, 0.89 mm average particle size, and 0.40 g/ml settled bulk density. 



Claims 

55 

1. A method for reversibly controlling the activity of an olefin polymerization reaction which uses the reaction 
product of a metallocene compound and aluminoxane as an olefin polymerization catalyst comprising the 
addition of a Lewis Base containing an available pair of electrons capable of forming a dative bond to both 
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the metallocene and th aluminoxane. 

A method as claimed in Claim 1 , wherein th Lewis Base is selected from the group consisting of eth rs, 
alcohols ketones, aldehydes, carboxylic acids, est rs. carbonates, phosphines, phosphine oxides, phos- 
phates, phosphites, amines amides, nitriles, alkoxy silanes, aluminum alkoxides, water, nitric oxides and 
combinations thereof. 

Amethod as claimed in Claim 1 or Claim 2, wherein the amount of Lewis Base added to reduce the activity 
of the reaction by an amount of from 30 to 1 00% is in a molar ratio of from 0.1 to 10,000 based on the 
amount of metallocene present when the aluminoxane/metallocene molar ratio is in the range of from 2 
to 100,000. 

A method for reversibly terminating an olefin polymerization reaction which uses the reaction product of 
a metallocene compound and aluminoxane as an olefin polymerization catalyst comprising the addition 
of a Lewis Base containing an available pair of electrons capable of forming a dative bond to both the 
metallocene and the aluminoxane in an amount effective to substantially terminate the reaction. 

Amethod es claimed in Claim 4, wherein the Lewis Base is selected from the group consisting of ethers, 
alcohols, ketones, aldehydes, carboxylic acids, esters, carbonates, phosphines, phosphine oxides, phos- 
phates, phosphites, amines amides, 'nitriles, alkoxy silanes, aluminum alkoxides, water, nitric oxides and 
combinations thereof. 

Amethod as claimed in Claim4 or Claim 5, wherein the amount of Lewis Base added to reduce the activity 
of the reaction by an amount of from 30 to 1 00% is in a molar ratio of from 0.1 to 1 0,000 based on the 
amount of metallocene present when the aluminoxane/metallocene molar ratio is in the range of from 2 
to 10,000. 

Amethod for terminating and restarting an olefin polymerization reaction which uses the reaction product 
of a metallocene compound and aluminoxane as an olefin polymerization catalyst compnsing: 

(a) adding a Lewis Base containing an available pair of electrons capable of forming a dative bond to 
both the metallocene and the aluminoxane in an amount effective to substantially terminate the reac- 

(b) "rrtroducing an amount of aluminoxane into the reaction zone sufficient to restart the polymerization 
reaction. 

A method as claimed in Claim 7, wherein the Lewis Base is selected from the group consisting of ethers, 
alcohols ketones, aldehydes, carboxylic acids, esters, carbonates, phosphines, phosphme oxides, phos- 
phates, phosphites, amines amides, nitriles, alkoxy silanes. aluminum alkoxides. water, nitric oxides and 
combinations thereof. 

Amethod as claimed in Claim 7 or Claim 8, wherein the amount of Lewis Base added to reduce the activity 
of the reaction by an amount of from 30 to 1 00% is in a molar ratio of from 0. 1 to 1 0.000 based on the 
amount of metallocene present when the aluminoxane/metallocene molar ratio is in the range of from 2 
to 10.000. 

0 a method as claimed in any one of Claims 7 to 9. wherein the amount of aluminoxane needed to restart 
the reaction is at least 50% of the amount of aluminoxane originally present during the reaction. 
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